This paper develops a robust, statistically significant, six independent variable multiple regression model that accounts for the relative success of English Premier League football clubs based on an array of twenty-four pitch actions collected during the 2007-2008 season (p<0.0000). Additionally, one-way ANOVA is used to identify those specific pitch actions that statistically separate the top 4 clubs from (1) the dozen clubs forming the middle of the pack and, (2) by a greater contrast, the bottom 4 clubs. Thirteen pitch actions yield statistically significant differences among these three tiers of clubs using this second method of analysis.
INTRODUCTION
Unlike professional American sports, football in England-as well as in many leagues in Europe and South America-has grave outcomes for poorly performing clubs. At the end of each English Premier League (EPL) 38-game season, the top football clubs get rich(er), while the bottom three are relegatedunceremoniously booted out of the league: demoted to a lower division euphemistically called the Coca-Cola Championship. 1 In addition to being downgraded to a lower league status, a relegated EPL club will experience an accompanying dramatic decline in income resulting from the loss of league television revenue sharing, a drop in club merchandise sales, and dramatically lower attendance. Further, there will be accompanying losses of star personnelplayers whose salaries the club could no longer support. 2 The Deloitte Annual Review of Football Finance 2008 report estimates that English Premier League teams will have generated revenues of approximately £1.9 billion for the 2007-2008 season. 3 Television alone provides approximately £900 million that are proportionally divided among the Premiership teams according to their place in the final league standings. First place Manchester United received £49.3m as compared to relegated and last place Derby County's £29.1m. However, this season, Derby County will not enjoy this sizable financial influx. Instead, they will have to cope with the dramatically smaller television revenue pot of the Championship. Teams relegated, including two parachute payments of £11.9 million over the following two seasons, will still experience a net loss of £30 million (James [2007] ).
In addition to the English Premier League's associated rewards, a club's final place in the league table determines their eligibility to play in prestigious and extremely lucrative cup matches such as the UEFA Cup and the Champions League, e.g., only the top four teams are invited to play in the UEFA Champions League games-the most celebrated of cup challenges. The Champions League, for example, pays clubs between €2 million and €15 million of fixed sums, and up to €40 million in bonus reward based on considerations such as the value of the national market and number of games played. 4 Given these serious performance implications, how does a team identify the kinds of performance that most dramatically affect their success during the English Premier League season? To be blunt, what differentiates a top-notch team from an also ran? What, exactly, do the better teams do on the pitch that differentiates them from the others? Are there specific offensive and defensive pitch actions that are more influential than others in a team's achievement over the season? The following section describes the unique problems associated with analyzing football data, how they have historically affected the body of analysis on the subject as compared to other sports, and the data sources used to make these analyses possible.
THE CHALLENGE OF ANALYZING FOOTBALL PERFORMANCE
Although football analysis has made important contributions to understanding the sport's performance, the vast body of analysis has been applied to the primary professional sports in the United States-baseball, basketball, and American football ( Lewis [2004] ). In large measure, these sports are constructed with separable, concise actions and numerous, built-in breaks, that are relatively easy to analyze. Conversely, it is the unique qualities of football that makes it extremely difficult to dissect because it is a game intended to be ongoing, a continuous flow of action with virtually no down time. Timeouts are not part of the game. There are no "breaks" between plays, no manager conferences, and the game actions only stop at the conclusion of each half or for a serious player injury. Only three substitutions are allowed per game, no opportunity for the players to huddle and discuss strategies between plays (or to catch their breath), and no changeover between the instantaneous change of possession and transition between offense and defense. Football is, in some ways, a metaphor for life: it simply keeps on going until it's over. In fact, one of the commercial problems that football presents is how to unobtrusively insert advertising during each half of play without any scheduled breaks. 5 Unmistakably, football performance analysis poses significant challenges: it is the will-o'-the-wisp, the moving target, the thumb-to-the-nose of sports analysis.
DATA SOURCES FOR EPL FIXTURES
To date, comprehensive performance data documenting detailed game actions of each player on the pitch are available, albeit primarily for commercial use. Several of the top organizations that record and dissect post-match data include Opta Sportsdata, PA Sport-Actim Index, and Prozone. 6 Each of these groups meticulously videotape and analyze the thousands of actions that take place during a game and then market these data to the groups described in the following section. Assessments of the relative effectiveness of these organizations in analyzing player performance includes Barros 
where Yk is the match score for the k th match in terms of the final score goal differential, dichotomous variables, H, indicating whether the observed team is playing at home, play differences between the two teams, xj, on 20 independent, dichotomous variables, Fj, such as shots on target, blocked shots, and percentage of successful passes. In general, the measures use score differentials rather than ratios. However, no paper uses summative season long performance comparisons in an attempt to identify specific team performance criteria-pitch actions-that might be used to either (1) better understand the factors associated with a team's success over a season or (2) separate the top clubs from the others based on significantly different pitch action performance.
Data collected by Opta Sportsdata for the complete 2007-2008 English Premier League season is used in this paper to uncover these pivotal pitch actions. The analysis follows.
METHOD OF ANALYSIS
Other than the obvious outcome of winning more games than an opponent, little attention has been given to identifying what the better football clubs do differently from the average or poorly performing clubs over a seasons performance. Is it possible to pinpoint a set of specific actions that can be used to retrodict the number of games an EPL team wins? Are there specific actions that individually pose statistically significant differences between the best, middle, and worst tier of English Premier League teams?
Out of the hundreds of different pitch actions, football team performance can be generally organized into the five families illustrated in Figure 1: (1) goal attempts, (2) passing, (3) defending, (4) crossing, and (5) discipline. Because these action groups are described in less-than-explicit terms, each will be broken into finer, detailed actions. An illustration of the expanded set of twenty-four (24) actions is shown in Figure 2 .
In order to be able to analyze the different Premiership teams, performance data from league games needed to be gathered. There are several, well-established, prestigious organizations that are renowned for their post-match data collection and analysis. These include (1) PA Sport-Actim, (2) Prozone, and (3) Opta Sportsdata. Each of these organizations meticulously videotape and analyze English Premier League games. These data have significant commercial value in betting and odds making and are purchased by: (1) Newspapers, e.g., News International, Mirror Group Newspapers, Daily Mail, and The Guardian; (2) Television and Internet media, e.g., ESPN, Yahoo!, Setanta Sports, Sky Italia, and BSkyB, (3) Mobile phone carriers; and (4) English Premier League football clubs that use the information to "grade" their team and player performances and those of their opponents.
Premiership clubs will have preferences for which of these organizations to employ, however all three are widely viewed by them as legitimate, prestigious sources of football data. Although their specific data sources vary, all provide post-match analysis by recording the hundreds of different pitch actions that occur during the match, including passes, tackles, assists, fouls, shot on goals, blocks, offside, clearances, and saves. Even greater detail is recorded including such measures as the pitch location of the action, whether the player involved used his left or right foot, and, if the action is a pass, the direction and distance of the play. These data are organized and tabulated into relevant statistics that can be used to primarily profile player productivity and, secondarily, team performances. There is no shortage of data, however complications arise in trying to make sense out of this daunting volume of numbers. The next section describes several analysis methods that provide insight to club performance. More specifically, • Separate from a regression model, individual pitch actions will also be examined to see which ones, if any, suggest important differences between the best teams (top four), worst teams (bottom four), and the best of the rest (middle 12 teams) using analysis of variance (ANOVA). 7 7 The division of the 20 teams into three tiers is arbitrary but with a purpose. The top four teams automatically qualify for the single most prestigious cup competition: the UEFA Champions League. The bottom four teams include the three that will be relegated to the lower division Championship, leaving the rest as the widely varying middle group. Because we are primarily interested in being able to understand reasons for the differences between varying levels of club achievement in terms of pitch performance, an obvious choice for the dependent variable (degree of success), Y, would be the league points earned during the 38 game season. After that comes the task of identifying what group of specific pitch actions (independent variables), if any, contribute statistically significant associations in explaining the league points earned over the season. A careful review of the original 24 pitch actions of the five groups of measures shown in Figure 2 discloses pairs of overlapping or redundant measures, e.g., since every team plays a 38-game season, the number of goals scored (X1) and average goals per game (X2) provide the same information. The same can be said of the percent of goals scored inside the box (X6) and the percent of goals scored outside the box (X7). After eliminating other similar features, the original cluster of 24 variables is cautiously reduced to the 17 independent variables shown in Table 1 . 8 The multiple regression results for the 17-variable model are presented in Table 2 .9 9 Although the model is statistically significant (p=0.0177), an examination of the t-values suggests that only one independent variable makes a statistically significant contribution to the overall model: average goals conceded per game, X18 (p=0.022). This leads to the suspicion that multicollinearity issues are present. The correlation matrix for the independent variable set supports this reservation as evidenced by the numerous performance factors with r-values>0.75 shown in bolded text (Table 3) . We still need to refine the analysis by identifying the weakest independent based on the highest p-value>0.05. The technique is called backward elimination in stepwise regression [Groebner, et al., 2008] .
With each successive removal, the model is increasingly refined until it is comprised of only statistically significant variables. Care is taken at each step to insure that multicollinearity is not an issue as well. After approximately one dozen of these refinements, the set of 17 pitch measures is pared down to a set of 6 statistically significant pitch actions: (1) X5 (% goals to shots); (2) X7 (% goals scored outside of box); (3) X11 (ratio of short/long passes); (4) X15 (total crosses); (5) X18 (average goals conceded per game); and (6) X23 (yellow cards). 8 The original set of 24 pitch action variables is shown in Appendix A. 9 Since the model sample size is limited to the twenty (n=20) English Premier League teams, the maximum number of k-independent variables (pitch actions) we can use in this study is n-k-1 ≥ 2 or k=17. .0000) , a statistically significant set of contributions by the independent variables (p<< 0.05), and a correlation matrix and variation inflation factor (VIF) values that indicates that multicollinearity is not evident, i.e., r < 0.60 (Table 5) . 10 As a test of the regression model accuracy, the 6 factor values for the 20 English Premier League teams of the 2007-2008 season are substituted into the model equation and the retrodiction of the points earned are calculated in Table 6 . The fit of the retrodicted data for the actual 2007-2008 English Premier League season performance delivers an R 2 =0.990 and p<0.0000, and serves as compelling evidence of the model accuracy. These results are also plotted in a scatter diagram ( Figure 3 ) and a complimentary radar chart ( Figure 4 ). It is of special importance that the extremely low error held across the entire range of team performanceincluding the historically poor performance of last place Derby County's 11 points. 11 The radar chart of Figure 4 captures another view of the strong model fit for the actual versus retrodicted values of season league points for each of the 20 Premiership teams illustrating nearly perfectly overlapping plots. The residual plot for these data shown in Figure 5 visually supports the suitability of the linear model, however a more formal test is also performed that does, indeed, support the assumption of uniform error variance in Appendix B (Newbold, et al., 2006] ). The influence that these 6 pitch actions play in competitions is sometimes subtle but always influential. Contributions that these actions can typically make in a fixture follows. 10 It is generally accepted that correlation values between independent variables of ≤ |0.80| and VIF values ≤5 indicate that multicollinearity is not a problem. 11 The 11 point total was the fewest points earned in the history of the Premiership. 
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Shooting accuracy-the percentage of goals scored to shots on goal, X5-establishes the ability of the better teams to take advantage of the typically rare scoring opportunities. It is not unusual for even the winning team to get less than a handful of goal attempts during any given fixture, i.e., two of the most common scores of an EPL game is 1-0 and 2-1. When teams can score from distance as well as from close range, the complexity of defending them increases dramatically. Goals coming from outside the box, X7, force defenders to play in a slightly more advanced position-to defend further away from the goal-because of this varied threat. This can, in turn, create more space inside the box for "poaching" or scoring easy goals by teammates. However, it is important to note that scoring a large proportion of shots from the outside is not a panacea if the team is not scoring a sufficient number of goals, i.e., the most unsuccessful team during the 2007-2008 EPL season, Derby County, had one of the highest percentages of goals scored from outside the box. The problem was that they simply did not score many goals.
Teams that use higher ratios of short-to-long passes, X11, employ a more reliable way of advancing the ball than teams that move the ball with a higher proportion of less accurate, long passes. An additional benefit of the preference for the shorter passing game is that it typically keeps possession of the ball for longer periods of time-another important ingredient for both scoring goals while, at the same time, denying the opponent possession and scoring opportunities. 12 However, in order to effectively implement the short passing game, a more skilled, creative player with excellent conditioning and pace to support the constant movement and overlapping runs required in the "short passing game" is needed.
Teams that generate a greater number of crosses, X15-typically intended for teammates in advanced positions-can create more immediate scoring opportunities and can improve the quality of shots taken by the suddenness of the advancement if the cross is successful. It is important to keep in mind, however, that no more than approximately 25 percent of all crosses are controlled by the offensive team. Arguably, one of the most important features of a successful team is the ability to defend, as evidenced by a very low value for number of goals allowed per game, X18. With the likelihood that most games will be low scoring affairs, this factor is crucial. Lastly, when a player commits a foul that results in a yellow card, X23, the team not only loses possession of the ball: the opponent is awarded a free kick that may create a potential scoring opportunity. Further, the yellow card can also result in a player ejection (red-carded) if it is the second card infraction received during the fixture. Having to play "one man down"is often a kiss of death in a football competition. 13 USING ANOVA TO DIFFERENTIATE PITCH ACTIONS AMONG THE TOP, MIDDLE, AND BOTTOM TIER EPL CLUBS Analysis of variance (ANOVA) is used to explore the original set of 24 pitch actions to see if statistically significant differences exist between the EPL clubs 12 A moderate combination of four or five short, one or two-touch passes will maintain possession considerably longer than a single, long pass. 13 Even if a player receives a single yellow card in a competition, his accumulation of yellow cards across a number of games may result in him being ineligible for one or more games in the future. forming the top, bottom, and middle of the final league table. The composition of these three subdivisions is:
• The top four teams qualify for the most prestigious cup competition in the world, i.e., UEFA Champions League (Manchester United, Chelsea, Arsenal, and Liverpool)
• The bottom four include the three teams that will be relegated to the lower division Championship plus the fourth worst team that is typically only one or two points above the relegation zone (Fulham, Reading, Birmingham City, Derby County)
• The middle dozen (12) Table 7 and show that thirteen (13) pitch measures are significantly different among these three team clusters. The likely influences of these measures-discussed within each pitch factor family-include:
Within the goal attempts cluster actions-ignoring the obvious duplicate information provided by the total goals scored (X1) and the average goals scored per game (X2)-the only other statistically significant difference found among the three clusters of clubs action was the number of shots taken, X3 (p<0.0000). Conversely, the actions reflecting (1) the accuracy of the goal attempts such as the percent of shots on target (X4) and percent of goals to shots ratio (X5) and (2) the general distance of the goals scoredneither the percent of goals scored inside (X6) or outside (X7) the box presented statistically significant differences. Better teams simply create more opportunities. Conversely, almost the entire collection of passing cluster actions was significant. The only exception was the number of long passes, X9. All other actions-short passes, X8 (p=0.042), total passes, X10 (p<0.0000), ratio of short-to-long, X11 (p=0.0003), overall pass completion percentage, X12 (p<0.0000), percent short passes completed, X13 (p=0.0018), and percent long passes completed, X14 (p<0.0000)-exhibited statistically significant differences between the three club clusters. 
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In contrast, the defending and discipline pitch action clusters both yield highly different results between the three tiers. Pitch factors X17 (p<0.0000) and X18 (p<0.0000) are, essentially the same measurement, i.e., goals conceded during the season and goals conceded per game. The number of tackles, X19 (p=0.0545), and the total fouls, X22 (p=0.0421) are significantly different. 14 A possible reason for these differences is that both pitch actions are often associated with either controlling or keeping possession of the ball. The better clubs are significantly more successful at (1) 14 Even though the number of tackles, X19, is slightly over the desired .05 level of significance, it is, nevertheless viewed as having practical significance. placement is discussed along with the common role that these 6 factors play in a fixture. A second, complementary statistical analysis using ANOVA uncovers a set of 13 pitch factors that exhibit statistically significant differences when compared between the three tiers of teams that form the top, middle, and bottom clusters of the EPL. Again, a practical explanation of how these pitch factors influence team performance is presented. The significant specific pitch actions that were identified using the ANOVA assessment are shown in Figure 7 . Analysis genre, other than a multiple regression model, may also offer insight into assessing team success. Because there is no single standard of excellence, no comparable measure equivalent to the league points that a team earns, individual player performance ratings are more subjective in nature. Both the Actim Index and the Opta Index grade individual players according to a different, complex set of weighted points awarded or deducted for outstanding or poor performance associated with numerous pitch actions during each game. These measures of composite player performance definitely beg a more subjective measure of goodness as apposed to a club's league points won.
Clearly, the success of a team will most likely be indicated by the collective performance of its players throughout the season. Accordingly, this paper looks at the team performance in a way similar to the assessments of player performance without the notion of creating an artificial index by identifying the key pitch actions that differentiate the relative success of the 20 EPL football clubs. Follow-up work that examines the opportunity to generalize the model findings might include (1) studying multiple EPL seasons and (2) applying the model to other, prestigious football leagues, e.g., La Liga (Spain), Serie A (Italy), Eredivisie (Netherlands), Ligue 1 (France), and Bundesliga (Germany). 
